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To reduce risk, 
IDMs can out- 
source to sub- 
contract OEM 
device foundries 
in Taiwan’s bur- 
geoning GaAs 
sector, which is 
modeliing itself 
on Taiwan’s suc- 
cessful silicon 
foundries like 
TSMC and UMC 
In recent years Taiwan has developed from con- 
tract electronic manufacturing and packaging of 
LED chips to become one of the world’s top-three 
centres of high-brightness LED chip making and 
epiwafer growth (see ZZZ--Vs Review, volume 13 
(2000) issue 5, pages 42-46). It is estimated that 
Taiwan now accounts for 40% of all MOCVD 
reactors in use. 
More recently, expecting that Taiwan will 
become a centre of cell-phone handset Original 
Equipment Manufacturing,Taiwanese companies 
have been developing GaAs MMIC and RFIC pro- 
duction, mainly for HBTs (joining Hexawave, 
founded in Hsinchu in 1991 as the first Asian 
GaAs fab outside Japan, making MESFETs,AlGaAs 
pHEMTs and InGaP HBTs). In May it was estimat- 
ed that by end-2001 Taiwan’s HBT concerns 
would be operating 48 MOCVD reactors (in addi- 
tion to about 200 for LEDs). 
But due to the wireless and Bbre-optic network 
markets having excess inventory (worsened by 
the global economic downturn), communications 
Integrated Device Manufacturers are cautious 
about expanding in-house production capacity. 
To reduce risk, IDMs can outsource to subcontract 
OEM device foundries in Taiwan’s burgeoning 
GaAs sector, which is modelling itself on Taiwan’s 
successful silicon foundries like TSMC and UMC. 
GaAs chip foundries 
In February 2000 Conexant Systems Inc 
(Newport Beach, CA, USA) decided to slow its 
capacity expansion and transfer 4” GaAs wafer 
fabrication technology to InGaP HBT foundry 
Advanced Wmless Semiconductor Company 
(founded in Tainan in April 1998) and in April 
entered into a multi-year foundry partnership 
agreement for 30,000 wafers per month.AWSC 
has since been certified for volume production 
but is also developing its own technologies. 
Capacity is 1,200 4” wafers per week. Fab-II in 
2003 will raise capacity to over 4,000 wpw. 
WIN Semlconductom Carp (the world’s first 6” 
GaAs MMIC foundry) was founded in October 
1999 in HwayaTechnology Park,Taoyuan (spon- 
sored by ITRI but with Japanese investors, 
including Mitsubishi). Becoming Taiwan’s first 
GaAs foundry to ship finished products,WIN 
launched 2 urn InGaP HBTs in January 2001, the 
world’s fust 0.15 urn pHEMT 6” wafer in July, 
1 urn HBTs and 0.5 urn pHEMTs in September, 
0.35 urn pHEMTs in November, 0.5 urn enhance- 
ment-mode pHEMTs in October, and 0.15 urn 
MHEMTs in December.WIN aims to produce 
10,000 6” wafers in 2001 and 100,000 by 2005 
(10% of the global market), with Fab II planned. 
With management mostly from Conexant and 
Motorola and NT$28.3m from the Ministry of 
Economic Affairs, Global Communication 
Technology Corp (founded in July 2000) has also 
built a 6” GaAs foundry (in Hsinchu). It began 
production in Q3/2001 and has a capacity of 
5000 wafers per month for HBTs and 0.5 urn and 
0.35 urn pHEMTs (rising to 20,000 in 2004 with 
the completion of a second fab). 
Also founded in July 2000 in Hsinchu was 
Compound SemIconductor Manufacturmg Co Ltd. 
Shareholders include China Electric Mfg Co, 
Sunsino Ventures Group, Sweeten Construction 
Co Ltd,TECO Electric & Machinery Co Ltd,TOA 
Elevam Co and Formosan Rubber Group Inc. By 
Q2/2001 CSMC was due to have one line with a 
fully automated HBT PA capacity of 2000 4” wafers 
per month; by Q4 three lines for 5,000 4”/6” wpm; 
by Q4/2003 10 lines for 16,000 4”/6” wpm. 
Microwave device and subsystem company 
Transeom Iac was founded in 1998 in Tainan and 
designs and makes 0.25 urn and 0.5 urn pHEMT, 
HFET and MESFET high-power and low-noise GaAs 
MMICs (especially for 2.4 GHz) in a 27,000 ft2 fab 
(gate widths are I60,300,600 urn and 1.2,2.4,5 
and 12 mm). Capacity is 15,000 wafers per year. 
A second-phase development includes a further 
30,000 ft* facility in early 2002 (more than dou- 
bling capacity to 35,000 wafers per year). 
At an Industrial Development Bureau conference 
in April 200 1, Procomp Informatics’ director MT 
Juang said that, if development goes to plan, 
Taiwan’s Ga.As foundries will be producing 79,000 
6” wafers per month in 2004 (see Table 2). 
The effect of this trend to GaAs IC manufacturing 
has been to speed development of a supply 
chain in Taiwan, from epiwafer foundry to IC 
back-end services. 
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GaAs epiwafer foundries 
Procomp Informaties (Hsinchu) was founded in 
1991 for computer accessories but in September 
1997 shipped Taiwan’s first GaAs epiwafers.After 
a technology transfer, in October 1998 it became 
the sole overseas partner for compound semicon- 
ductors of Japan’s Sumitomo EZlectrlc Industries. 
In July 2001 it shifted focus from IT to compounds, 
targeting wireless and fibre-optic transmission 
through strategic a&antes or vertical integration. 
Of 2001 sales it expects 42% from IT appliances, 
25% from motherboards and 33% from epi. 
To fuIfiU new orders from Japanese and US IDMs 
(including Sumitomo, Mitsubishi Electric,Triquint, 
Celeritek, M/A-COM and Filtronic), Procomp is 
expanding. It initially used MBE to make pHEMT 
epiwafers, but in August 2001 had seven MBE 
and seven MOCVD reactors (for a capacity of 
12,500 wpm) - with HBT epiwafers about 20% of 
production (and pHEMTs 70%) - and was due to 
expand to 20 reactors (17,500 wpm) by end- 
2001 and 28 (24,500 wpm) by mid-2002. 
Suntek Compound Semiconductor Co (Hsinchu) 
was founded in August 2000 with US$2.4m from 
Procomp (a 46% shareholder) and Acer (26%). 
After completing its fab in Q2/2001, in October 
it began production of 4” AIGaAs HBT epi (via 
technology transfer and training from Mitsubishi). 
Mitsubishi will transfer much of its manufactur- 
ing (guaranteeing W-50% of initial orders), while 
US shareholder Celeritek has guaranteed 20%. 
Capacity will be 5,000 wpm.Also, internally 
Suntek has developed InGaP HBTs, pHEMTs and 
laser drivers. In 2002, it expects to offer InP 
HBTs, HEMTs and optical devices. However, 
Suntek has delayed construction of a second fab 
from Q3f2001 until demand recovers (although 
expansion to 6” wafers will be ready for 2003). 
Giga Bpitaxy Technology Carp was founded in 
Hsinchu in May 2000 as a joint venture between 
semiconductor equipment agent Lee-Tech, LED 
maker Opto Tech, Sine-American Silicon Products 
and GaAssubstrate maker Hitachi Cable. Hitachi 
has also signed a Technology Transfer Agreement 
and an OEM agreement for it to make 4” and 6” 
MOCVD epi for MESFETs, HEMTs and HBTs. 
In Q3/2001 it began production at its plant in 
Taoyuan Hsien, which includes 2,200 m* of clean- 
room (expandable to 4,000 m2>. Capacity will rise 
to about 2,000 6” wpm for HBTs in Q1/2002, 
3,000 in Q2/2002, and then possibly 12,000 wpm. 
GaAs chip foundries: 
Hexawave 
AWSC 
WIN Semiconductors 
CSMC 
GCT 
Transcom 
RFlUmodule packaging: 
Gaweli Technology 
Lingsen Precision Industries 
ASE 
Meicer Semiconductor 
King Yuan Electronics 
Nanotech 
Tong Hsing Electronic Industries 
Ambit Microsystems 
RFIC testing: 
Ucomm 
TMSI 
Giga Solution 
LED chip suppliers: 
Opto Tech Carp 
Tyntek 
Highlight Optoelectronics 
Advanced Technology (Taiwan) Co 
Laser chip suppliers: 
GigaComm Corp (lasers) 
Elite Advanced Laser (lasers) 
Optronics International (LEDs, lasers) 
Truelight (detectors, VCSELs) 
Arima Optoelectronics (HB-LEDs, lasers) 
Epiwafer foundries: 
UEC (HB-LEDs) 
Epistar (HB-LEDs) 
Formosa Epitaxy Inc (LEDs) 
Procomp (GaAs RFIC and lasers) 
Suntek (GaAs RFIC) 
VPEC (GaAs RFlCs and lasers) 
Kingmax Optoelectronics (lasers) 
Giga Epitaxy (GaAs RFIC ) 
Millennium Communication (lasers) 
lnforcomm (GaAs RFICs) 
LinkComm Wireless (GaAs RFlCs) 
Uni Light Technology (LEDs & lasers) 
Advanced Epitaxy (HB-LEDs and lasers) 
South Epitaxy (GaAs RFlCs, LEDs, lasers) 
Kopin Taiwan (GaAs RFICs) 
Epitech Technology (GaAs RFlCs & opto) 
Shin-Etsu Opto Electronics (LEDs) 
Shin-Etsu Taiwan 
Volume (projected) 6” wafers per month fequiv.: 
AWSC 
Transcom 
WIN 
CSMC 
GCT 
Suntek 
1,200 4” a week 
3,000 6“ a week 
35,000 4” a year 
100,000 6” a year 
6,000 4” a month 
10,000 6” a month 
5,000 6” a month 
15,000 6” a month 
7,000 4” a month 
18,000 6” a month 
15,300 
1,300 
8,330 
12,670 
20,000 
21,100 
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South Epitaxy Cap - part of Tainan Group (one of 
the largest enterprises in Taiwan) - was founded 
in March 2000 (starting with 10 MOCVD reactors). 
It launched InGaP HBTs in Q2/2001, pHEMTs, 
InGaN LEDs and PINS in 43, and plans 1.3-l .5 
pm lasers for QI/2002,850 mVCSELs for Q2, 
and GaN MESFETs and lasers by Q1/2003. 
Also founded in Tainan is Epitech Technology 
Carp (in May 2000) for epi foundry of AlGaInP 
high-brightness LEDs, InGaP HBTs, E-pHEMTs 
and VCSEL. Future products include InGaN blue- 
green LEDs and InP HBTs. 
Kopin Taiwan (Hsinchu) was due to install two 
MOCVD reactors at end-2000, then two in Ql/ZOOl 
and two more in Q2After delivery of the fust two 
was delayed until May (due to a lead time of up 
to nine months), in April it postponed production 
till Q4 (reckoning on demand returning after Q3). 
It plans an annual capacity of 100,000 6” HBT 
GaAs wafers, and double this in a second phase. 
However, in addition to any postponements, due 
to the wireless telecom market slowdown some 
GaAs foundries have already not come to fruition. 
In September 2000 conglomerate President Corp 
put the GAdvance project “on-hold without a 
timeline”. Other investors included Tainan Textile 
Corp and silicon foundry Nan-Ya (Formosa Plastic). 
Also, in July 2000 PC maker Arlma formed three 
new subsidiaries - Arena Display, Arima 
Broadband Semiconductor and Alliance Epitaxy 
(for HBT epiwafers) - but in March 2001 it with- 
drew Broadband’s investment (possibly foresee- 
ing a sub-10 GHz threat to GaAs from SiGe 
BiCMOS from silicon foundries TSMC and UMC). 
Meanwhile, many of Taiwan’s GaAs start-ups are 
diversifying into making lasers,VCSELs and other 
optoelectronics products. 
Epiwafer manufacturers 
developing RFlCs and lasers 
In September 2001 Procomp expanded into laser 
production, aiming to reach 7,000 wpm initially,. 
and is also founding a new company for white LEDs. 
It plans to add six more reactors in 2001 (totalllng 
ZO), boosting 4” epi capacity to 17,500 wpm by 
end-2001, and have 28 reactors by mid-2002 (for 
24,500 wpm). 
United Epitaxy Company (founded in Hsinchu in 
1993 by staff from ITRI-OES) focuses on MOCVD- 
based fabrication of epiwafers and chips for 
AlInGaP HELEDs. However, it has been develop- 
ing GaAs IC and communication laser manufac- 
turing by setting up subsidiaries (able to vertical- 
ly integrate production, from epitaxy and chip 
manufacturing to packaging). UEC has two 6” 
MOCVD production lines for HBTs. By Q4/2000 
it was due to have another f&e. 
l UEC Group member I&rkComm Wireless Inc 
(Tainan) was founded in April 2000. It focuses on 
MOCVD epi foundry, the first in Taiwan to make 
6” InGaP/GaAs HBT epiwafers but also making 
epi silicon, then InGaP pHEMTs, InP HBTs, and 
InGaP M-HEMTs and Bbre-optic devices (with 
upstream components for lasers). 
l B&e Advanced Laser Carp (Chung Ho,Taipei 
Hsien) was founded in September 2000 (backed 
by UEC and Lite-On Electronics). In April 2001 it 
began vertically integrated manufacturing using 
the only automated laser production line in 
Taiwan. Products include 650 nm DVD lasers; 
780 nm CD lasers; 850 nm VCSELs and PIN-TIAs; 
13 10 nm lasers and PIN-TL4, and TO-packaged 
opto devices. Capacity is lm units per month for 
TO-18/K)-56packaged edge-emitting laser assem- 
bly and test and 500k/month for TO-46/TO-52- 
packaged surface-emitting or receiving diode 
assembly and test (due to be doubled by Q4/2001). 
High-brightness LED epiwafer foundry Epistar 
(founded in Hsinchu in 1996 by ITRI-OES staff) 
was the second Taiwanese company to produce 
MOCVDAlGaInP epi. Despite the economic 
downturn, Epistar is still expanding LED capacity. 
While Factory No. 1 has a monthly capacity of 
150m LED chips, No. 2 will reach 250m by end- 
2001 and has capacity for 500m. In 2000 Epistar 
started production of InGaN blue-green LED epi- 
wafers (with a capacity of 5m units a month - 
boosted by 15m with the new factory). Epistar 
has 14 MOCVD systems (mostly for 3” wafers) 
and was due to install two more in 2001. 
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But now, Epistar has also invested in the follow- 
ing GaAs and opto start-ups: 
l INFORCOMM semiconductor Carp (Hsinchu) 
was formed in September 2000 for wireless epi- 
wafer foundry and has its own cleanroom on a 
different floor of Epistar’s new Fab 3. GaAs HBT 
and pHEMT epiwafers were sampled in June/July. 
In September it bought a 5x6 AIX 260063 
Planetary Reactor from AIXTRON for MOCVD 
growth of HBT and pHEMT wafers. Its new facili- 
ty (of more than 20,000 ft2) also went into full 
operation. 
l GigaComm Carp (Hsinchu) was founded in 
November 2000 for vertically integrated manu- 
facture of lasers and photodiodes (see Company 
Profile on page 14). lst-round funding in 
February of NT$l96m, 2nd~round in May of 
NT$254m and 3rd-round in September of 
NT$l50m totalled NT$GOOm. 
In May it began operation of its new 70,000 ft2 
facility shared with Epistar (sharing a 9,000 ft2 
epi fab equipped with 25 MOCVD reactors) but 
with its own 4,000 ft2 cleanroom for wafer/die 
fabrication and device testing/packaging. 
LED maker Opto Tech (which has a 10% stake in 
Epistar) also has a 10% stake in the Shin-Etsu 
Handotai LED epi foundry joint venture Shin-Etsu 
Opto Electronc Co (founded in Hsinchu in 1995). 
Advanced Epitaxy Technology (Hsinchu) - found- 
ed in 1998 for HB-LED epi foundry - is to expand 
capacity, specifically for lasers (to at least half of 
total capacity by end-200 1). 
Operations are centred on 2” epiwafers. Capacity 
is 4,000 wpm for AlInGaP red, yellow, orange, and 
yellow-green LEDs, but it also makes 2” InGaN 
wafers for blue and green LEDs. By end-2001 
capacity for both types will be 6,000~8,000 wpm. 
Newly developed wafers for lasers will be target- 
ed at DVD optical storage and fibre-optic com- 
munications.AET has developed hydride vapor 
phase epitaxy (HVPE) for producing substrates 
for laser epiwafers. 
Likewise, Uni Light Technology (founded in 1998 
in Taoyuan) makes AlInGaP H&LED epi and chips 
but is developing resonantcavity LEDs and VCSEIs. 
Land Mark Optoelectronics began epi production 
in 1999 in Tainan for LEDs, detectors and lasers. It 
is now using six MOCVD reactors for a capacity 
of 1000 wpm, mainly 1.3 pm LEDs and lasers, 
InGaAs/hrP PIN detectors, 650670 nm DVD lasers, 
635650 mn re-writable DVDlasers, 1.55 pm lasers, 
980 mn pump lasers, and InGaP/GaAs photodiodes. 
Epi foundry MiIlennium Communication Co I&l 
was founded in Hsinchu in January 2001. In 
March it announced edgeemmiting hrGaAlP/GaAs 
65O,AlGaAs/GaAs 850, InGaAs/GaAs 980, InGaAlAs 
and InGaAsP MQW 310 and 1550 nm lasers and 
inAugust 650,850,980 and 13lOnmVCSELs. 
Other products include visible InGaAlP LEDs, 
InGaAs PIN, and InGaP/GaAs and InGaAs/h@ HBTs. 
Arima’s Arlma Optoelectronics subsidiary is 
already producing ultra-bright LEDs (with eight 
MOCVD reactors giving a capacity of 80m 
red/orange/yellow LEDs and 10m blue/green 
LEDs per month). In March 2001 it agreed to 
supply a DVD drive manufacturer with lasers, 
beginning in April with the capacity to package 
lm lasers per month. It also planned laser wafer 
production for Q3, initially producing 630650 nm 
red lasers under OEM contract but planning to 
produce own-brand 1,300-1,500 nm lasers and 
upstream wafer production. 
Vertically integrated opto manufacturers include 
Optronlcs International Carp (Hsinchu), founded 
in 1996 for lasers, LEDs and detectors (with grants 
horn the National Science Council and the Ministry 
of Economic Affairs), and TrueLight Gnp @Isinchu), 
founded in 1997 by researchers from the National 
ChiaoTung University for photodiodes a.ndVCSELs. 
Shift from wireless to opto 
LED and HBT epiwafer and chip manufacturer 
visual Photonics Epitaxy Co Ltd was founded in 
Taoyuan in 1996. By August 2000 VPEC’s first fab 
had five 4” MOCVD production lines and its 2nd 
fab had two 6” lines. By end-2000 it had 16 lines. 
After first-half 2001 sales of NT$427m (more 
than the total for 2000),VPEC was targeting full- 
year 2001 sales of NT$878m (up 250% on 2000: 
lasers up from a 12% share in 2000 to 50%; 
HBTs down from 88% to 50% - indicative of a 
shift from electronics to opto). In particular, in 
Q4/2000 VPEC launched its first 780 nm laser, 
focusing on short-wavelength lasers (due to 
growing demand for game consoles and home 
electronics) rather than long-wavelength 1.3 and 
1.55 pm lasers (dominated by US companies). 
So, while some foundries targeting exclusively 
GaAs RFICs may yet go the way of G-Advance, it 
would seem that the trend is for epi foundries in 
particular to diversify, with GaAs RFIC and opto 
technology increasingly being mixed together. 
In addition to any 
postponements, 
due to the 
wireless telecom 
market sfowdown 
some GoAs 
foundries have 
already not come 
to fruition 
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